The syntheses of four novel psoralen derivatives, 6a-d, of the benzofurocoumarin (=benzofuro[1]benzopyranone) type containing an ester group are described. These compounds might be of interest in PUVA (psoralen long-wave ultraviolet radiation) therapy. The overall efficiency of the synthetic procedure is greatly limited by the low yields for the penultimate step, i.e. formylation of the dibenzofuranols 3a,c or protected dibenzofuranol 4d to the carboxaldehydes 5 (Scheme 4). However, the final stage to form the pyranone ring from 5a-d proceeds smoothly (Scheme 5).
1. Introduction.-Benzopsoralens, which may be considered as benzofuro-fused coumarin systems (=benzofuro[1]benzopyranone), have previously been synthesized and their biological propertieshave been studied [1] [2] . Introduction of a benzene ring fused to the furan moiety, or bulky or electron-withdrawing substituents at the pyranone ring have been proposed as potential ways to inhibit adduct formation with DNA [3] . In addition, Gia et al. [2] have shown that the introduction of an ester group into a benzopsoralen can provide derivatives, which are efficient photosensitizers of singlet oxygen. Recently, the photophysical properties of three such compounds have been investigated, and it was shown that two of them could 1 photochemically sensitize singlet-oxygen generation, with a quantum efficiency near unity. This efficiency is unusual for psoralens, but is in accord with their measured long triplet lifetimes, and with their proposed state diagrams [4] .
The purpose of this study was to synthesize new derivatives of this general type, that have different fusion sites between the benzofuro and benzopyranone moieties, as a prelude to the study of their potential usefulness as photosensitizers for PUVA (psoralen long-wave ultraviolet radiation) therapy. In the present work, we describe the preparation and characterization of four new psoralen analogues, that are potentially, strongly protected against DNA-adduct formation, in which both the furan ring is benzo-fused and the pyran ring is substituted with an electron withdrawing group.
Results and discussion.-The synthesis of the dibenzofuran moiety of the benzopsoralens may be achieved by several methods. One approach involves
Goldberg-type coupling [5] between phenol and bromoanisoles to give biphenyl ethers, which can then be cyclized. Thus we obtained the diphenylethers 1a-b in 78 and 93 % yield, respectively (Scheme 1).
Cyclisation of compounds of type 1 to the dibenzofuran system has been achieved either by oxidative coupling with palladium acetate [6] or by photolysis [7] . We found that cyclization with palladium acetate gave slightly better yields in AcOH than with CF 3 COOH. For example, cyclization of 1a with palladium acetate in AcOH gave 2a in 15 % yield, compared to 12 % yield in CF 3 COOH. Cyclization of 1b with palladium acetate in AcOH gave only 2b in 22 % yield. On the other hand photochemical cyclization of 1b produced both MeO-substituted dibenzofurans 2b and 2c, in 9 % and 30 % yield respectively (Scheme 1). Irradiation of 1a under the same conditions gave only a complex mixture of unidentified products. TMEDA/THF at -78°C, DMF treatment and hydrolysis) giving two aldehydes 5a and 5b (Scheme 4) in equal amounts (12% each). However, when the same procedure was applied to dibenzofuran-3-yl and dibenzofuran-4-yl 4b and 4a, respectively, only (Scheme 4), and although the aldehydes 5c and 5d were obtained, the yields were low (13 and 17 % resp.). confirmed by elemental analysis, mass spectrometry, IR spectroscopy and also
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